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Urban planning is important to guarantee the quality of life for society, as it proposes spatial planning and 
problem solving, especially those related to land use. Thus, it was proposed to perform an evaluation of actions 
that promote and/or accelerate the erosive processes on a hillside located in Island of Itamaracá/BR. The 
“interaction networks” and “land use maps” techniques were used in combination, which resulted in a more 
accurate environmental assessment, as well as the use of models for future estimates. The results pointed to 
medium risk for the environmental indicators of “occupation types” and evidence of collapse”, and high risk for 
“urban density” and “vegetation” indicators. It has also been predicted that over the years, the urban sprawl in 
the area will continue to grow until it reaches stability due to the total occupation of useful areas as well as that 
the growth rate for vegetation will be negative. Thus, there is a need to mitigate environmental damage in the 
short term, in order to avoid the occurrence of accidents in the hillside area. 
Keywords: Water erosion; Interaction networks; Land use and occupation; Environmental risk. 
------------------------------------------------------------------------ 
* Corresponding author. 





Creating activity programs that include factors such as land use is fundamental for socioeconomic development. 
The impact of disordered growth on the expansion or emergence of cities, when not scaled, may trigger hazy 
urban complexes [1, 2]. Urban planning is the act of ordering cities and solving their problems, which, 
depending on the locality, are numerous. The quality of people's lives is the fundamental objective of this 
planning, based on responsibility and rationality of both the public agencies and the community in genera [3]. 
Social rationality can be achieved through systematic studies that present solutions to problems arising from the 
impact of urban growth as well as through the implementation of policies and legislation that guarantee the 
maintainability of the system. A survey conducted in 2017 showed that 95% of Brazilian municipalities had 
some legislation or project that addressed the issue of urban planning; however, they are inefficient [4], 
2017).When traveling through the various Brazilian municipalities, one may notice the existence of irregularly 
occupied areas, with poor infrastructure, constituting the favelas, currently named as needy communities. Social 
conflicts associated with the search for urban spaces for housing and livelihoods promote the migration of 
minorities in general to areas lacking basic services [3]. The negative results of irregular occupations are already 
perceived by the population, especially in risky areas, such as the ones near hillsides. They are generally prone 
to water erosion processes, which are caused by water flows and lead to landslide phenomena [5, 6]. The 
phenomena caused by anthropic actions have a direct impact on the welfare of the region where they occur [7]. 
Through natural transport processes, the result of some actions is perceived in neighboring regions. Thus, even 
knowing that the urban area constitutes a small portion of the total land surface, it has a disproportionate 
influence on its surroundings, especially in terms of natural resources [8]. In order to monitor the recurrence of 
environmental impacts and to contribute to decision making in urban planning management, methodologies for 
environmental impact assessment that identify indicators as well as the causes and effects of environmental 
degradation can be used. However, these methodologies are subjective in approaching the physical environment, 
making it necessary to employ complementary techniques, such as remote sensing. Mapping and monitoring 
areas through the use of satellite imagery are named remote sensing. This technique is an important tool for 
understanding human actions on ecosystems, facilitating the finding of the emergence of environmental 
imbalance [9]. The remote sensing images are useful for tracking the growth of urban areas, providing timely 
information of land cover [8]. Remote sensing data through the Geographic Information System (GIS) are made 
compatible and become visual presentations. The information constructed with the GIS can be transformed into 
maps about the investigated area, which serve as a basic input in planning and management decisions [10]. In 
this context, this study aims to conduct an environmental impact assessment through interaction networks and 
temporal analysis of land use and occupation in a hillside area located in the Island of Itamaracá, 
Pernambuco/BR, due to its tourist importance and where a modification of the native vegetation for urban 
installations is noticed, leading to an acceleration of the soil erosive processes. 
2. Methodology 
2.1. Study area 
Island of Itamaracá is a municipality that represents an important historical value. Its name comes from 




indigenous people and means “singing stone” [11]. The local economy is based on tourism, including tourism 
related to beaches, historical heritage, ecotourism, and projects to protect marine species [12]. Part of Recife 
Metropolitan Region (RMR), Island of Itamaracá is 44 km away from the capital of the state of Pernambuco, 
Recife. It is limited to the north with the city of Goiana; to the west, with Itapissuma; to the south, with Igarassu; 
and to the east, with the Atlantic Ocean. It is approximately 40 meters above sea level. The selected hillside is 
referenced under the coordinates 07 ° 46 '9 "S 34 ° 50' 28" W, as shown in Fig. 1. 
 
Figure 1: Study area location. 
The municipality registered 6,026 new inhabitants between 2000 and 2010, with an average annual growth rate 
of 3.27%. The population living in the island in 2000 was estimated at 15,858 people. In 2010, a population of 
21,884 people and a demographic density of 328.17 in habitants/km² were estimated [13]. Regarding the 
physical aspects, the island has vegetation consisting predominantly of evergreen restinga forests. The climate is 
tropical (hot and humid), according to the Koppen classification, and the annual average temperature varies 
between 25oC and 27oC.Monthly average rainfall is estimated at 100 mm, and the formation of barriers 
occupies most of its territory [14, 15, 16].  The physical aspects of the study area are shown in Table 1. The area 
was a gravel quarry, which is the product of alteration of quartz-feldspatic rocks, such as granites and gneisses. 
The deposit was decommissioned around 1988. The hillside, which is about 14 meters high, is currently part of a 





Table 1: Physical aspects of the study area 
Physical 
aspect 
Study area Relevant remarks 
Vegetation 
There is no vegetation on the baseline of the 
hillside 
Anthropic action removing native 
vegetation for urbanization or use for coco-
bahia planting 
Climate 
Tropical hot and humid; Tropical rainy dry 
summer; Rain concentration between March 
and August 
Precipitation affects the transport of 
particles through the flow, favoring erosive 
processes. 
   
Relief Hill - 
Soil Clay soil predominates. 
Presence of clay, which may contain sand; 
very erodable soils. 
Geology 
Barriers, Gramame, Maria Farinha and 
fluvial deposits. 
Clear, incoherent fine to medium-grained 
feldspar sands with alternating clays; may 
be along with Gramame Formation. 
2.2. Construction of interaction networks 
Interaction network methods allow the identification of direct and indirect environmental impacts and their 
interrelationships. The main advantage of the method is the easy understanding of secondary and indirect 
impacts and the possibility of introducing statistical parameters, allowing future possible modifications to be 
estimated [17, 18, 19].Thus, a Cause and Effect Diagram, also known as Ishikawa Diagram, has been designed 
to represent chains of impacts associated with their possible causes. The environmental indicators included 
were: (1) occupation types; (2) population density; (3) reduction of vegetation areas; (4) evidence of structure 
collapse.After the construction of the interactions, it was necessary to classify the degree of risk of each 
indicator to favor environmental degradation. Risk analysis becomes critical for territorial planning and to 
maintain the active participation of political actors [20]. Thus, the degree of risk classification follows the 
parameters [21]: • Low level - There is no obvious risk of geotechnical or hydraulic accidents; specific 
geotechnical stabilization interventions are not required, following only general recommendations; • Medium 
level - There is a risk of geotechnical or hydraulic accidents of small and medium size; • High level - There is a 
risk of serious geotechnical or hydraulic accidents.It is noteworthy that there was a study site visit to find out if 
the causes included in the Cause and Effect Diagram were really related to the area and to visually evidence the 
effects of erosive processes, such as: building pathologies and characteristic features of soil erosive behavior 
(pipins, sinkholes, ravines or gullies). 
2.3. Land use and Occupation Maps 




The fieldwork consisted of visits to the study area for diagnosis. This diagnosis, coupled with 
photointerpretation and satellite image analysis, not only served as a database, but also allowed a recognition of 
the impacts on the hillside dynamics caused by anthropogenic factors. The studied hillside data were obtained 
from the Planning and Research State Agency of Pernambuco - CONDEPE/FIDEM. The scale of the supplied 
orthophotocards of 1975, 1989, 1998, and 2018 were 1: 10000. 
2.4. Interaction network combined with remote sensing 
The combination of the interaction network method with remote sensing resources allows one to detect temporal 
aspects of a region, the system dynamics, and the relative importance of environmental impacts. Thus, statistical 
parameters were introduced in the land use and occupation data, which identified changes in the hillside over the 
43 years observed (1975-2018), in order to, then, predict the site scenario in 2028. 
2.5. Prediction of future land use and occupation scenario 
A prediction was made for 2028 of the evolution of the use and occupation of the hillside from the arithmetic 
and geometric mathematical models. The arithmetic method is based on the assumption that the population 
evolves constantly in a straight line, which can be prolonged to the desired date, or even that follows an 
arithmetic progression, according to Equations 1 and 2. The geometric method is based on assumption of 
population growth in geometric progression, using logarithmic tables for this calculation, as presented in 
Equations 3 and 4 [22]. 
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Where is the population for the estimated year; represents the current population; is the annual growth factor for 
the arithmetic method; and are, respectively, the projection year and the current year. For determining the annual 
growth factor,   represents the population of the initial year,   the population of the last census,  are the initial 
year and the year of the last census, in that order. Finally, is the annual growth rate for the geometric method. 
3. Results 
3.1. Cause-Effect Diagram 
With the elaboration of the Cause and Effect Diagram, the possible sources of impacts in an interaction network 
with their respective environmental indicators were evaluated, as shown in Figure 2. Soil erosion was the 
environmental impact/final effect considered in this study. Thus, the causes were based on the findings of other 




investigations, consulted during the theoretical reference survey, which are:  Occupation near the edge of the 
hillside; implementation of road system; Expansion of urban sprawl; annual population growth; Suppression of 
native vegetation; soil exposure; Soil characteristics; storm water concentration; single rigid structure 
implementation (shoring, embankment, piping). 
 
Figure 2: Cause and Effect Diagram. 
With the diagram, it is noticed that for each environmental indicator there are actions/causes that directly affect 
the environment, causing its degradation. However, these same actions become secondary if analyzed from 
another indicator, proving the interaction between them. Therefore, mitigation actions should encompass as 
many environmental indicators as possible. 
3.2. Remote sensing data 
Table 2 shows the spatial distribution and the qualitative results of the use and coverage assessment for the 
hillside located in Island of Itamaracá, based on the digital satellite image classification for 1975, 1989, 1998, 
and 2018. The observed classes were: (1) exposed soil, (2) vegetation, (3) urban sprawl and (4) road system. 
Table 2: Land use and occupation data 
Class 
Area (m²) % study area 
1975 1989 1998 2018 1975 1989 1998 2018 
Exposed soil 19940.49 14174.46 6864.89 39574.18 20.79 14.78 7.16 41.25 
Vegetation 73254.61 77097.62 83633.97 37414.12 76.36 80.37 87.18 39.00 
Urban sprawl 194.28 295.80 2434.33 12263.09 0.20 0.31 2.54 12.78 
Road system 2537.84 4358.53 2997.64 6676.95 2.65 4.54 3.12 6.96 
To qualify the temporal changes, from the orthophotocards, it was necessary to perform a restitution, according 
to Figure 3. The Geocentric Reference System for the Americas 2000 (SIRGAS2000), the new reference system 




for the Brazilian Geodetic System (SGB) was used. The hillside is in zone 25 S for the Universal Transverse 
Mercator (UTM) coordinate system. 
 
Figure 3: Use and occupation of the hillside area in 1975, 1989, 1998 and 2018 [22]. 





4.1. Evaluation of environmental indicators 
In site visits, ravines/furrows were found on the hillside surface, characteristic of erosive soils. Around the 
hillside, it was possible to notice: (1) unprotected areas of vegetation, (2) reduction of useful areas for 
occupation due to the appearance of critical points (susceptible to erosive processes), (3) imprisonment of 
municipal solid waste (MSW) near the rigid structures and (4) change in the permeability of the soil due to the 
construction of waterproof areas. The studied hillside is located on the banks of the PE-035 highway. In general, 
road drainage directs rainwater to the sides of the road where it is drained. In situations of over-estimated 
rainfall, flooding and/or drainage obstruction and subsequent infiltration at the base of the hillside may occur. 
The drainage network and relief associated with the physical characteristics of the area are directly related to the 
susceptibility of the site [23]. The hillside is part of a private area and no buildings near the verges were 
identified, while the buildings in neighboring limits had a low construction standard. No sewage disposal was 
observed directly in the environment neither containment works were identified. Land use screening allows 
identify areas prone to surface erosion. Thus, the indicator “type of occupation” was classified as medium risk. 
[24]. The soil characteristics of the hillside were investigated [25]. Through Crumb test and comparative 
sedimetometric (SCS), it was verified that the soil has a dispersive character. Through the granulometric curves, 
the soil was classified as silty sand. The structure of the hillside underwent a recalculation, where two berms and 
a channeled drain system were inserted to increase its stability [26]. Due to the slope of the hillside, rainwater 
tends to flow under its surface, carrying soil particles, and concentrating on the built-up berms. Thus, that 
erosion rate and soil life expectancy are more sensitive to changes in land use than rainfall changes [27]. In this 
context, the indicator “evidence of collapse” was classified as medium risk because, even after the 
implementation of the surface drainage system and geotechnical stabilization, features of erosive processes and 
the lack of regular monitoring were observed. Crossing data on “occupation types” (occupations near the berms 
and road system deployment) and “collapse of evidence” (soil characteristics, stormwater concentration, and 
rigid structure deployment) is imminent risk, this classification represents an area occupied by low-standard 
housing with potential for natural disasters, and short-term intervention should be undertaken [23]. 
Environmental causes associated with the “population density” indicators (urban sprawl expansion and annual 
population growth) and “vegetation reduction” (native vegetation suppression and soil exposure) were portrayed 
along with the temporal analysis of land use and occupation, as in subtopic 5.2. 
4.2. Temporal analysis of land use and occupation 
The total area of the investigated hillside comprises 95,927 m². In 1975, the urban sprawl represented 0.2% of 
the territory. However, in 2018, the sprawl expanded approximately 13 times. This growth in 43 years is 
associated with spatial modification, in which the vegetation has been reduced to enable new construction and, 
consequently, the increase of waterproofed areas. As the expansion of urban sprawls is registered, it is possible 
to notice the expansion of the road system, given the need to create access routes to new addresses, facilitating 
the movement and transit of people and goods. Between 1975 and 2018, the road system in the study area was 
expanded by 4,139 m². Between 1975 and 1998, there was an increase in the area occupied by vegetation and a 




reduction in the area of exposed soil. However, in 2018 the scenario changed, so that about half the vegetated 
area was reduced and the exposed soil area grew a total of 32,709 m². These changes raise concern regarding the 
formation of new lands susceptible to landslides, as shown in Figure 4. 
 
Figure 4: Evolution of the slope area between 1975, 1989, 1998 and 2018. 
The alarming growth of the exposed soil parameter, which occurred from 1998 to 2018, may have its roots in 
the old gravel deposits that were exploited in the region combined with the dispersive nature of the soil. The 
lack of vegetation cover in the soil makes the place prone to direct incidence of rain on the ground surface, 
making it unable to withstand the rapid infiltration of water, further accelerating surface run off that will carry 
the fines of the soil [28, 29]. It is still important to ascertain the cause of the large expansion of urban sprawl in 
the area surrounding the hillside, given the small annual rate of 3.7% of population growth in Island of 
Itamaracá, compared to 13.3% in Recife, the state capital. In this context, the indicators “urban density” and 
“vegetal reduction” received a high-risk classification due to the possibility of serious geotechnical or hydraulic 
accidents. From the finding of unrestricted land use and occupation, due to the increase of urban population, it is 




noticed that urban planning and public management were not able to absorb the population increase and did not 
offer the basic infrastructure for the new urban agglomerations. This configuration leads to the emergence of 
illegal settlements, degradation of natural resources, reduction of biodiversity, and emergence of heat islands 
[30, 31, 32]. 
4.3. Urban planning management and future perspectives 
By relating the results of environmental interactions and the temporal analysis, it can be noticed that there was a 
constant urban growth in the study area, with a peak in 2018. On the other hand, the concern with the 
environmental preservation did not follow this scenario, with the reduction of vegetation, that is, reduction of 
biodiversity. Other authors concluded the same and further stated that economic growth and public concern have 
a nonlinear relationship [33]. Itamaracá, being an island, is constituted of coastal areas that tend to densify urban 
occupation, modifying the area of native vegetation and accelerating erosion processes, as well as shoreline 
retreat. The population density can be considered as a control variable, since areas of urban agglomeration 
demand stronger environmental governance because they lead to worsening pollution and environmental 
degradation [34]. Monitoring tools contribute to urban planning management as they provide timely 
information, whether past or future forecasts, from different territorial points. Forecasts can be based on the 
mathematical method and assume that the population grows according to a definite mathematical formula 
derived from experience. Land and use is often considered a static factor in landslide risk studies [35].                                                                                                                                                                                                         
By applying the arithmetic and geometric mathematical method, it was possible to predict the 2028’s situation 
for land use and occupation in the hillside area, located in Island of Itamaracá /BR, according to Table 3. Both 
methods were used for comparative purposes, because, the geometric method generally has lower estimates than 
those obtained by the arithmetic method in the intercensity calculations [36]. 
Table 3: Land Use and Occupation Prediction 2020. 
Class 
2028 









% of study 
area 
Exposed soil 456,60 44.140,15 42,21% 0,01594 46.412,92 41,28% 
Vegetation - 833,50 29.079,12 37,26% - 0,01563 32.001,86 36,64% 
Urban sprawl 280,67 15.069,79 13,37% 0,09640 32.154,70 15,02% 
Road system 96,26 7.639,53 7,16% 0,02250 8.361,40 7,06% 
It is possible to identify a difference between the results of mathematical methods. As predicted, the values of 
the areas obtained with the geometric method are larger than those of the arithmetic method. Analyzing the 
forecast for 2028, there is the growth of urban sprawl and its tendency to stabilization because, over the years, 
the occupation will extend to the entire useful area for construction. As a result, it is observed that only the 
vegetation growth rate has negative value. Different development patterns contribute to land cover change and 
conversion and increasing settlement densities may have a significant influence on the rate of deforestation per 
unit of population growth [37]. The area occupied by exposed soil also shows growth in 2028, thus confirming 
the results mentioned in the evaluation of environmental indicators, regarding the reduction of useful areas of 
occupation mainly due to the appearance of water erosion processes. For the problem management, the use of 




sustainable land and soil management practices, such as conservation and restoration measures [38, 39]. 
5. Conclusion 
Using the interaction network tool for environmental impact assessment along with land use and occupation 
maps, a remote sensing technique, it was possible to identify that the environmental indicators of “occupation 
type” and “evidence of collapse” presented a medium environmental risk degree for the hillside area located in 
Island of Itamaracá/BR. Moreover, the “urban density” and “vegetal reduction” indicators were classified with 
high risk, due to conditions that favor the occurrence of serious geotechnical or hydraulic accidents. 
Characteristics of erosive processes can already be noticed in the studied location. Thus, negative environmental 
impacts need to be measured and monitored on a temporal and spatial scale to help urban planning and decision-
making by the public sector as to what type of mitigation solution would be most effective to the environmental 
degradation verified. Through mathematical models, it was predicted that by 2028 there will be an increase in 
urban sprawl, exposed soil area, and the road system in the hillside region. Furthermore, the area occupied by 
vegetation will be reduced. However, it was concluded that urban growth will tend to stabilize, due to the lack 
of areas suitable for construction as well as that new points prone to erosion will emerge, and public intervention 
will be required in the short term. 
6. Recommendations 
For future research, it is recommended annual monitoring of the area to check the advance of urban occupation 
and its possible stabilization. Also, it is suggested to include the classes: (1) “local temperature” to check for the 
existence of microclimates / heat islands; (2) "wetlands" to check the locations where water is accumulated, 
which can enhance the erosion. 
Reference 
[1]. M. Polidoro, M. V. F. Barros. ” Considerations on the urban expansion of the municipalities of Paraná 
located in a stretch of Highway BR-369 ”. Brazilian Journal of Management and Regional 
Development,, v. 8, n. 3, p. 322-341. 2012.  
[2]. G. F. Arruda. “Analysis of the transformations of land use and land cover along the Tamoios highway 
in the municipalities of Jambeiro and Paraíbuna, Paraíba Valley / SP between 1991 and 2010.” 
Dissertation(Master), Universityof Vale do Paraíba, São José dos Campos. 2013.  
[3]. Tasca, L. “Urban Planning: First Issues.” Juíz de Fora, MG: UFJR, 2018. 
[4]. Brazilian Institute of Geography and Statistics - IBGE. Profile of Brazilian Municipalities: Basic 
Municipal Information Survey. Department of Population and Social Indicators - Rio de Janeiro. 121p. 
2017.  
[5]. M. L. Leite, I. N. Silva, T. T. Rodriguez, M. Marangon, L. L. Jeronymo. Erodibility of Residual Soils 
from Cultural –Juiz de Fora. In .: XVIII Brazilian Congress of Soil Mechanics and Geotechnical 
Engineering. 2016. 
[6]. S. Rodway-Dyer, N.  Ellis. “Combining remote sensing and on-site monitoring methods to investigate 




footpath erosion within a popular recreational heathland environment.” Journal of environmental 
management, 215, 68-78. 2018. 
[7]. G. Balamurugan, M. S. Aravind.” Land use land cover changes in pre-and post-earthquake affected 
area using Geoinformatics–Western Coast of Gujarat, India.” Disaster Advances, 8(4), 1-14. 2015. 
[8]. C. He, P. Shi, D. Xie, Y. Zhao. “Improving the normalized difference built-up index to map urban 
built-up areas using a semiautomatic segmentation approach.” Remote Sensing Letters, 1(4), 213-221. 
2010.  
[9]. L. S. Petry, V. M. R. Lima, R. A. Lahm.” Study of the use of ecosystems as a remote didactic resource: 
a case study.” Revista Electrónica de Enseñanza de las Ciencias, 11(2), 431-454. 2012.  
[10]. M. Mondal, N. Sharma, M. Kappas, P. Garg. “Critical assessment of land use land cover dynamics 
using multi-temporal satellite images.” Environments, 2(1), 61-90.  2015. 
[11]. Brazilian Institute of Geography and Statistics - IBGE. Itamaracá Island - PE: history. Rio de Janeiro: 
IBGE. 2018.  
[12]. J. J. Candido. “Tourism and social and environmental impacts: a proposal of public management from 
the perspective of sustainability for the island of Itamaracá - Pernambuco.” 2017. 148 f. Dissertation 
(Master) - Federal University of Pernambuco, Recife.   
[13]. Brazilian Institute of Geography and Statistics - IBGE. 2011. Demographic Census 2010. Rio de 
Janeiro: IBGE.  
[14]. G. J. A. C. Varela. ” Influence of reefs on the evolution of the coastline on the island of Itamaracá-PE. 
Thesis (Master's degree).” Federal University of Pernambuco, Recife.  2010. 
[15]. PNUD; IPEA; FJP. Island of Itamaracá. 2010.   
[16]. E. L. A. Oliveira, L. E. S. Robaina, B. W. Reckziegel. “Methodology used to map geomorphological 
risk areas: Arroio Cadena watershed, Santa Maria - RS.” In: Brazilian Symposium of Natural Disasters, 
I, 2004, Florianópolis. Anais... Florianópolis: GEDN/UFSC. p. 248261.  
[17]. A. Farinaccio, M. Gonsalez Tessler. “Assessment of environmental impacts on the physical 
environment resulting from coastal engineering works-A methodological proposal.” Revista de Gestão 
Costeira Integrada-Journal of Integrated Coastal Zone Management, 10 (4). 2010.  
[18]. C. G. Ariza, M. D. D. Araújo Neto. “Contributions of geography to assess environmental impacts in 
urban areas, using the Pressure-State Impact-Response methodology.” (PEIR). 2010.  
[19]. F. E. Cremonez, P. A. Cremonez, M. Feroldi, M. P. de Camargo, F. F. Klajn, Feiden, A. 
“Environmental Impact Assessment: Methodologies Applied in Brazil.” Environmental Monographs 
Magazine, 13(5), 3821-3830. 2014. 
[20]. . Riousset, C.  Flachsland, M. Kowarsch. “Global environmental assessments: Impact mechanisms.” 
Environmental science &amp; policy, 77, 260-267.  2017.   
[21]. A. R. Santos. Floods and landslides: causes and solutions-risk areas in Brazil. São Paulo: Pini, 2012. 
[22]. Planning and Research State Agency of Pernambuco - CONDEPE/FIDEM. 2018. Orthophotocards. 
Recife: CONDEPE/FIDEM. 
[23]. F. P. Silva. “Basic design of the sewage collection and transport system for the municipality of 
Canelinha / SC.“ 2011. 
[24]. A. P. Rocha. “Spatio-temporal assessment of susceptibility to mass movements using photogrammetric 




products and multicriteria spatial modeling in the dynamics of risk areas in the micro-regions of Jordão 
and Ibura, Recife, PE.” 2015. 
[25]. Ji, U., Velleux, M., Julien, P. Y., & Hwang, M. “Risk assessment of watershed erosion at Naesung 
Stream, South Korea.” Journal of environmental management, 136, 16-26. 2014.   
[26]. M. F. A. Portela. “Evaluation of the dispersiveness and compressive strength of composites in a soil 
forming barriers with RCD and lime.” Thesis (Master's degree). Polytechnic School. Pernambuco 
University, Recife. 2019. 
[27]. J. S. Bezerra. “Analysis of the erosive process of a slope in the Bom Jesus neighborhood - Island of 
Itamaracá / PE.” Qualification (Doctorate) Postgraduate Program in Civil Engineering, Federal 
University of Pernambuco, Recife. 2018.  
[28]. J. B. Paroissien, F. Darboux, A. Couturier, B. Devillers, F. Mouillot, D. Raclot, Y. Le Bissonnais.” A 
method for modeling the effects of climate and land use changes on erosion and sustainability of soil in 
a Mediterranean watershed (Languedoc, France).” Journal of Environmental Management, 150, 57-68. 
2015. 
[29]. A. M. Stephan. “Analysis of surface erosive processes using the Inderbitzen test.” Thesis (Doctorate). 
Department of Civil Engineering. Federal University of Viçosa.Viçosa, MG. 2010. 
[30]. L. P. Fernandes.” Erodibility evaluation of a soil profile typical of the Santa Maria RS instruction field 
area.” (Masters dissertation). Federal University of Santa Maria, RS. 2015.  
[31]. L. Gogoi. “Degradation of natural resources and its impact on environment: a study in Guwahati City, 
Assam, India.” International Journal of Scientific and Research Publications, 3 (12), 1-7. 2013. 
[32]. K. S. Kumar, P. U. Bhaskar, K. P. Kumari. “Emerging Urban Heat Islands in the New Capital Region 
of Andhra Pradesh, India-A Satellite based Evaluation.” International Journal of Advanced Remote 
Sensing and GIS, 5(10), 1915-1929. 2016.   
[33]. A. Ficko, A. Bončina. “Public attitudes toward environmental protection in the most developed 
countries: The Environmental Concern Kuznets Curve theory.” Journal of environmental management, 
231, 968-981. 2019.  
[34]. Y. Yu, X. Yang, K. Li. “Effects of the terms and characteristics of cadres on environmental pollution: 
Evidence from 230 cities in China.” Journal of environmental management, 232, 179-187. 2019. 
[35]. J. Corominas, C. Westen, P. Frattini, L. Cascini, J. P. Malet, S. Fotopoulou, K. Pitilakis. 
“Recommendations for the quantitative analysis of landslide risk. Bulletin of engineering geology and 
the environment.” 73(2), 209-263. 2014. 
[36]. F. P. Silva. “Basic design of the sewage collection and transport system for the municipality of 
Canelinha / SC. “ 2011. 
[37]. J. Vargo, D. Habeeb, B. Stone.” The importance of land cover change across urban–rural typologies for 
climate modeling.” Journal of environmental management, 114, 243-252. 2013.   
[38]. A. Botero-Acosta, M. L. Chu, J. A. Guzman, P. J. Starks, D. N. Moriasi. “Riparian erosion 
vulnerability model based on environmental features.” Journal of environmental management, 203, 
592-602. 2017. 
[39]. SooHoo, W. M., Wang, C., & Li, H. “Geospatial assessment of bioenergy land use and its impacts on 
soil erosion in the US Midwest. “ Journal of environmental management, 190, 188-196. 2017.   
